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Summary

* One half of a chicaned sector 7 at ALS (other half is
COSMIC)

* MAESTRO will iInclude a new:

* the next-generation nanoARPES chamber for nanometer-scale
photoemission.

* new beamline optics for sector 7, optimized for delivery of
photons with sufficient flux and energy resolution to achieve
down to 50 nm spot size.

* asample transfer system to existing
preparation/characterization chambers.

. MAESTRO also integrates eX|st|ng growth and




MAESTRO Timeline

2004-2005 - Groundwork
Off-site Retreats, 2004
Photoemission Review, 2005
Workshop October 2005
Adopted as part of “wave 1” of the ALS strategic plan
2005-2007 -Phase-l nanoARPES
LDRD funding FY05-07
~300 nm demonstrated FY05
Dec 2005, White Paper Submission to DOE
DOE Mid-range Instrumentation Program $5M
- May 17 2006 preproposal
- Aug 30 2006 proposal submitted - Midrange program cancelled

2008-2009 Continued LDRD support
refinement of detector design







Conventional ARPES
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Why go Nano?

Example: Correlated Materials

Doped Mott-Hubbard Insulators
Universal Spatial Fluctuations?

High T, Superconductor CMR Material Organic Superconductor
Bi-2212 LCMO k-(BEDT-TTF),Cu[N(CN),]Br
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Why go Nano?

Many Interesting samples are very small.

probe probe

(c) 2-d plane of needle-
like samples, e.g.

(a) phase separation (b) isolating flat regions of NbSe ;, quasicrystals,
- doped Mott insulators irregular cleaves etc
- magnetism
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Why go Nano?

Even some homogenous samples have
structure when cleaved. g
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Another example: Single nanotube

Free-Standing Single-wall Nanotubes between Pillars

Optical Luminescence
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how does nARPES work?

The zone plate acts as a lens

with up to ~10% efficiency. Electron
OSA Analyzer

The ZP collects the coherent Order Sorting

fraction (about 10% of total flux) Aperture

~0.1 - 1 % of conventional ARPES flux &
- i




Test Instrument

Down to 300 um working distance

‘ Sample

1/2” diam
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NARPES test results

Resolving the bands from a polycrystalline
sample

HOPG graphite
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are needed to see this picture.










Other contrast modes

* We want to build a new microscope whose contrast
mechanisms are derived from the ARPES technique

Valence Electrons

Core Levels

SeCcondary Electrons

Cateqgory of measurement
Low resolution ARPES

High Resolution ARPES

Circular Dichroism
Linear Polarization Control

Chemical States

Photoelectron Diffraction
Gircular Dichroism

Total or Partial Yield

What we can learn
Band Structure and Fermi Surface
k-depandent suscaplibility
Mean Free Path &
Electron Lifetima T
Farmi Velocity vr
Drude Conductivity o
Caupling Constants
Mass Henarmalization
Eliashberg Function
Spectral Function
Time Reversal Symmetry Breaking
Magnetism
Band Syrmmaetry (parity)
Surface cora leval shifts
Oxidation State
Doping level
Lattice Structura
Magnetic Domain Imaging
Topographical Contrast
Absorption Conirast




space charge effect?

Numerical Simulation

Back-of-the-envelope calculation

storage ring bunch length t 60 psec
electron velocity v 6 x 106 m/s
cloud radius  r=vt 300 um
electron total yield [nA] 1 8 nA
electron total yield [e7/s] f 5x 101 e7/s
ALS repetition rate v 500 MHz .
# electrons per bunch  n=flv 100 e weTAZgig:izc ﬁé%&igfﬁ%g.

distance between electrons 3 um







Beamline Specifications

* HLARPES
* 60-600 at 30,000 RP
* 20-60 at 2meV
* 600-1000 best effort
* optimized flux at 10,000 RP

* 10x10um spot size




Beamline Design

M202 plane, L=350mm
internally cooled silicon

7/0mm EPU G201a,G201b,G202a,G202b plane VLS, L=150mm

25 periods 300 (C=4), 600 (C=2), 600 (C=4), 1500 (C=2) lines/mm M213, M214

(Vinin=8 side cooled silicon KB mirrors

(Mmin=172 3°deflection, L= 350mm
r\/,min:3

(h’ =13 :

Pvmax:133 dlst.anceslalong

(h. =134 optical axis -

max exit slit microARPES
typically (20) 60 eV to
10 to 20um 600 (1000) eV
R~30,000
M201 plane 3m 0.8m
4 5°deflection, L=350mm i 1.5m

interna ooled glidcop




NARPES endstation




NARPES endstation

sample & optics module
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Chamber Rotation
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Chamber Rotation
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Chamber Rotation
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Chamber Rotation
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Chamber rotation




Chamber rotation
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Chamber rotation




Chamber Rotation




Chamber rotation




NARPES endstation

sample & optics module




SOM w manipulators




sample & optics manipulators




Summary

* One half of a chicaned sector 7 at ALS (other half is
COSMIC)

* MAESTRO will iInclude a new:

* the next-generation nanoARPES chamber for nanometer-scale
photoemission.

* new beamline optics for sector 7, optimized for delivery of
photons with sufficient flux and energy resolution to achieve
down to 50 nm spot size.

* asample transfer system to existing
preparation/characterization chambers.

. MAESTRO also integrates eX|st|ng growth and




